A repetitive sequence element was cloned from the primary etiological agent causing bovine leptospirosis in North America, Leptospira interrogans serovar hardjo type hardjo-bovis. This element was used to design a sensitive diagnostic probe which distinguishes hardjo-bovis from other pathogenic leptospires which commonly infect domestic animals in North America and discriminates between hardjo-bovis and the reference strain for serovar hardjo, hardjoprajitno. By using this probe, it was possible to identify infected cattle shedding hardjo-bovis in their urine. This is the first practical demonstration of a cloned DNA probe for leptospirosis, and it provides a sensitive method for studying the transmission and pathogenesis of L. interrogans infections.
A repetitive sequence element was cloned from the primary etiological agent causing bovine leptospirosis in North America, Leptospira interrogans serovar hardjo type hardjo-bovis. This element was used to design a sensitive diagnostic probe which distinguishes hardjo-bovis from other pathogenic leptospires which commonly infect domestic animals in North America and discriminates between hardjo-bovis and the reference strain for serovar hardjo, hardjoprajitno. By using this probe, it was possible to identify infected cattle shedding hardjo-bovis in their urine. This is the first practical demonstration of a cloned DNA probe for leptospirosis, and it provides a sensitive method for studying the transmission and pathogenesis of L. interrogans infections. Control measures for L. interrogans infections may now be improved by rapidly and efficiently identifying infected animals.
Leptospirosis, caused by Leptospira interrogans, is a disease of animals and humans which has a worldwide distribution. L. interrogans is an immunologically diverse species and contains several distinct genetic groups (14, 37) . In North America, the most common cause of bovine leptospirosis is L. interrogans serovar hardjo type hardjobovis (8, 32, 36) . Hardjo-bovis and the reference strain for serovar hardjo, hardjoprajitno, can be differentiated by restriction endonuclease analysis of genomic DNA (33) . However, the existence of similar antigens shared by hardjobovis and hardjoprajitno (18) prevents these two bacteria from being differentiated by classical serological techniques.
Infection of cattle with either type of serovar hardjo causes abortions, stillbirths, production of weak offspring, and infertility (4, 5, 7, 31) . In addition, cattle infected with serovar hardjo develop persistent renal infections and shed leptospires in their urine (5, 31) . Exposure to urine containing hardjo-bovis is considered to be the primary source of infections within herds (23) .
Diagnosis of leptospirosis usually depends upon demonstration of serum antibodies. The serologic method of choice is the microscopic agglutination test (2) . However, interpretation of microscopic agglutination test results is often subjective and is complicated by numerous factors, including previous vaccination or infection and antigenic heterogeneity among L. interrogans. Since cattle infected with hardjo-bovis may fail to produce detectable antibodies (6, 32) , an accurate diagnosis of infection with hardjo-bovis requires direct demonstration of L. interrogans in tissues, blood, or urine. This is achieved either by bacteriological culture or by immunological techniques. Isolation of serovar hardjo from clinical specimens is labor intensive and inconsistent and requires weeks or months before results are obtained. Similarly, antigens may be degraded or blocked in some clinical specimens and thus prevent immunological detection of bacteria.
Several investigators have utilized DNA-DNA hybridization methods for rapid and reliable detection of L. interro-* Corresponding author. gans in biological samples (blood, urine, and tissue homogenates) (24, 29, 30) . The probes for these hybridizations consist of genomic DNA labeled by nick translation with radiolabeled or biotinylated nucleotides. Although these probes are specific for L. interrogans, they demonstrate extensive cross-hybridization among pathogenic serovars (30) .
We have cloned a repetitive sequence element from hardjo-bovis and used this cloned fragment to develop a sensitive diagnostic probe for the detection of hardjo-bovis shed in the urine of infected cattle. This probe distinguishes hardjo-bovis from other pathogenic leptospires which commonly infect domestic animals in North America.
( was extracted from L. interrogans as described by Thiermann et al. (34) . Plasmid DNA was prepared from E. coli cells in 1.5-or 50-ml overnight cultures by using an alkaline lysis method (12) .
L. interrogans serovar hardjo type hardjo-bovis DNA was digested with NarI, and the digestion products were separated by agarose gel electrophoresis. Restriction fragments approximately 1.4 kilobases (kb) in length were electrophoretically transferred to an NA-45 membrane. Isolated DNA fragments were then eluted and concentrated by ethanol precipitation (3) . The isolated DNA fragments were ligated to NarI-AccI-digested, calf alkaline phosphatase-treated pUC19 and used to transform E. coli JM107 to ampicillin resistance (Apr). Transformants harboring recombinant plasmids were identified by inactivation of the vector-encoded lacZ gene by using the chromogenic lactose analog 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside (22) . Plasmid DNA was extracted from Lac-transformants and examined by restriction endonuclease and DNA blot analysis.
Gel electrophoresis and DNA blot analysis. Restriction endonuclease-digested DNA was fractionated by electrophoresis overnight at 50 V in 0.7 or 1% agarose gels buffered with 89 mM Tris-89 mM boric acid-2 mM EDTA (19) . Restriction fragments were transferred to Hybond-N (19) , and the immobilized DNA was hybridized with probes radiolabeled either with [a-32P]dGTP by nick translation (25) or with [a-32P]UTP by runoff transcription with phage T3 RNA polymerase (21) . After hybridization, filters were washed with 0.2 x SSC (1 x SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% sodium dodecyl sulfate at 61°C and used to expose AR film (Eastman Kodak Co., Rochester, N.Y.) at -80°C.
Slot blot analysis of cultured bacteria and urine samples was performed by using a modification of the procedure described by Millar et al. (24) . Briefly, the cell concentration of cultured bacteria was determined with a Petroff-Hauser counting chamber by using dark-field microscopy. Cell concentrations were adjusted to 5 x 107 cells per ml with phosphate-buffered saline and serially diluted, by using twofold dilutions, to 2.5 x 104 cells per ml. Samples (100 ,ul) of these diluted cell suspensions were mixed with 100 ,ul of 0.5 M NaOH-1.5 M NaCl and incubated for 1 h at room temperature. These suspensions were neutralized with 200 ,ul of 1 M Tris hydrochloride-1.5 M NaCl, pH 8.0, and 40 ,ul of the suspension was applied to Hybond-N by using a slot blot apparatus (Schleicher & Schuell).
Urine samples were obtained from cows which were either naturally or experimentally infected with hardjo-bovis (Bolin et al., submitted for publication). Bacteria were concentrated from 1-and 10-ml volumes of urine by centrifugation at 11,000 x g for 5 min in a microcentrifuge, suspended in 100 ,ul of phosphate-buffered saline, and treated as described for cultured cells. Four hundred microliters of these samples was applied to the nylon membranes. After hybridization with radiolabeled probes, the nylon membranes were washed with 2x SSC-0.1% sodium dodecyl sulfate at 61°C and then used to expose AR film (Eastman Kodak) at -80°C. Autoradiographic images were quantitated by scanning the autoradiographs with a laser densitometer (UltraScan XL; LKB Instruments, Inc., Rockville, Md.) and subsequent analysis with Gelscan XL software (LKB Instruments).
RESULTS
Cloning a repetitive sequence element from L. interrogans serovar hardjo type hardjo-bovis. Restriction endonuclease analysis of L. interrogans serovar hardjo type hardjo-bovis DNA revealed a 1.4-kb NarI fragment which is present at a high copy number within the hardjo-bovis genome (Fig. 1) . Similarly, two HhaI fragments with sizes of 0.3 and 1.1 kb are also present with approximately the same copy number as the 1.4-kb NarI fragment. These two HhaI fragments are thought to compose the 1.4-kb NarI fragment and could arise as a result of similar recognition sequences between these two enzymes; NarI recognizes the sequence GGCGCC, and HhaI recognizes GCGC (26) . The 1.4-kb NarI fragment was cloned in the plasmid vector pUC19, and the resulting plasmid, designated pLI16, was used for further study.
Restriction enzyme analysis and Southern blot analysis. A restriction enzyme map of pLI16 was constructed (Fig. 2) . Unique sites for EcoRI, HindIII, ClaI, HhaI, XmnI, and EcoRV were located within the cloned fragment. The 1-kb HindIII fragment from pLI16, containing hardjo-bovis DNA and adjacent vector sequences, was subcloned into the RNA transcription vector pBSM13. In the resulting plasmid, pLI17, the insert DNA is flanked by promoters for phage T3 and T7 RNA polymerases (Fig. 3) in North America, hardjoprajitno was included in these analyses since it is the reference strain for L. interrogans serovar hardjo (33) and is indistinguishable from hardjobovis by classical serological techniques. The immobilized DNA was used to hybridize radiolabeled ssRNA transcripts synthesized from SacI-linearized pLI17 by using phage T3 RNA polymerase and [a-32P]UTP. The results (Fig. 4) demonstrate the repetitive nature of this 1.4-kb NarI fragment within the genome and that the 0.3-and 1.1-kb HhaI fragments are homologous to the cloned repetitive element. These results also demonstrate the presence of little detectable hybridization between this probe and any of the L. interrogans strains tested except serovar hardjo type hardjobovis.
Sensitivity and testing of the repetitive sequence probe. Previously described probes developed for diagnosis of L. interrogans in biological materials have consisted of genomic DNA labeled with 32P-labeled nucleotides by nick translation (24, 30) . Therefore, we compared the sensitivity of a radiolabeled ssRNA probe synthesized from pLI17 with that of a radiolabeled genomic DNA probe. Cultured L.
interrogans and L. biflexa were serially diluted from 5 x 107 cells per ml to 2.5 x 104 cells per ml and lysed. The DNA was denatured, and a portion of these suspensions was filtered through a nylon membrane. The immobilized DNA was used to hybridize either the pLI17-derived radiolabeled ssRNA probe (prepared as described above) or serovar hardjo type hardjo-bovis genomic DNA radiolabeled by nick translation. Both of these probes were radiolabeled to specific activities of approximately 109 dpm/,g of nucleic acid. The resulting autoradiographs (Fig. 5) demonstrate that the pLI17-generated probe can detect as few as 1 x 103 hardjobovis cells, while the detection limit for the radiolabeled genomic DNA (Table 2) indicate that the pLI17-derived probe is more specific for hardjo-bovis than the genomic hardjo-bovis DNA probe. Both probes were species specific, as there was no detectable cross-hybridization between either probe and the saprophyte L. biflexa serovar patoc.
Transmission of leptospirosis in cattle herds is thought to occur primarily by exposure of animals to urine from infected animals (23) . Therefore, the pLI17-derived probe was tested for its ability to detect hardjo-bovis shed in the urine of infected cattle. Bacteria were concentrated from cattle urine and subjected to blot analysis as described above. In this experiment, the negative-control sample was a composite from nine animals collected prior to experimental infection (Bolin et al., submitted). Positive Table 3 and   6   7 FIG. 5. Comparison of cloned and genomic hardjo-bovis probes. Cultured L. interrogans were diluted by using serial doubling dilutions from 5 x 10' cells per ml to 2.5 x 104 cells per ml. The cells were lysed, the DNA was denatured, and the equivalent of 10 ,uI of the original cell suspensions was applied to nylon membranes. The immobilized DNA was used to hybridize either a 32P-labeled ssRNA probe synthesized from pLI17 (A) or a 32P-labeled hardjo-bovis genomic DNA probe (B (Table 3) , most but not all of the urine samples tested were found to contain hardjo-bovis either by culture or by fluorescent antibody (FA) (Bolin et al., submitted). Additionally, culture and FA results of urine samples from cow 86 taken at other times during the infection were positive, thus confirming that this cow was infected and shedding L. interrogans in its urine. DISCUSSION This report describes the identification and cloning of a discrete repetitive sequence element from L. interrogans serovar hardjo type hardjo-bovis. This cloned repetitive element was used to develop a sensitive probe for the diagnosis of bovine leptospirosis. This is the first reported test of clinical material using cloned L. interrogans DNA to determine the practicality of such probes for identifying hardjo-bovis-infected cattle.
Repetitive sequence DNA is attractive for the development of diagnostic probes, since the target sequences for probes are amplified naturally within the genome. This attribute enables detection of fewer organisms with probes directed to repetitive sequence elements compared with probes directed to single-copy sequences. Repetitive sequence DNA has been used to develop diagnostic probes for eucaryotic parasites Plasmodiumfalciparum (10) and Brugia malayi (28) . Since repetitive sequence DNA is a common feature of eucaryotic (13) but not procaryotic genomes, few diagnostic probes for pathogenic bacteria utilize repetitive sequence DNA. Instead, probes to unique sequences contained within bacterial rRNA have been developed, since the target sequences for these probes are amplified as a result of ribosome biosynthesis (11, 16) . Our levels of detection with the repetitive sequence probe compare favorably with those from reports describing rRNA probes developed for detecting other bacteria (11, 16) .
Restriction endonuclease analysis of genomic DNA demonstrated the presence of the 1.4-kb NarI fragment at a high copy number within the L. interrogans serovar hardjo type (9, 27) . The high copy number of this fragment, estimated to be approximately 40 copies per genome, may be one factor which enables such easy detection of the repetitive fragment. Reports describing cloned L. interrogans probes have not included tests to determine their sensitivity (16, 35) . In order for such probes to provide a viable alternative to existing diagnostic techniques, it is imperative that the number of cells such probes can detect be determined and that these values be relevant to the levels of bacteria shed by infected animals. The probe described in this report can detect as few as 1 x 103 cells, which, when used by us, was approximately fourfold more sensitive than a genomic DNA probe. One previously described genomic DNA probe reportedly detects approximately 1 x 103 cells, and therefore may be of equal sensitivity to the pLI17-derived probe (24) . However, genomic DNA probes demonstrate significant cross-hybridization with other serovars of L. interrogans (30) . Probes derived from the hardjo-bovis repetitive sequence element demonstrated little detectable hybridization with any of the serovars commonly isolated from domestic animals in North America (serovars grippotyphosa, hardjo, copenhageni, pomona, and portland-vere) except for hardjo-bovis. Likewise, little cross-hybridization was observed between this probe and hardjoprajitno, the reference strain for serovar hardjo. The level of cross-hybridization which was detected between the pLI17-derived probe and DNA from other serovars was titrated out before clinically relevant levels of bacteria were reached and should not affect the use of these probes for diagnosis of hardjo-bovis infections.
The pLI17-derived probe is sensitive enough to detect hardjo-bovis shed in the urine of cattle and thus offers an effective method to rapidly identify potential sources of hardjo-bovis infections within herds. Indeed, this probe detected hardjo-bovis in each of the urine samples tested, whereas culture and FA results varied. These findings are most easily explained by examining the requirements for each of these techniques. Bacteriological culture has an absolute requirement for obtaining viable organisms. Viable cells are likely to constitute a fraction of the total number of cells in a given sample, and this fraction is influenced by collection, transport, and storage conditions prior to inoculation of media. Similarly, positive FA results require access of antibodies to antigens. Negative FA results may occur as a result of coating of the bacteria with host proteins (e.g., antibodies) or by degradation of surface antigens. In contrast, nucleic acid probes only require the presence of target DNA sequences, some of which may be degraded.
The sensitivity and specificity of the pLI17-derived probe should make possible preliminary diagnoses of hardjo-bovis infections on the basis of positive urine samples. Previously such determinations have only been possible through bacteriological culturing (which often requires several weeks or months for primary isolation) followed by restriction endonuclease analysis (20, 34) , microscopic agglutination test (2), or DNA blot analysis (17, 35) . This probe offers a more rapid diagnosis for bovine leptospirosis than techniques currently in use. Incorporation of nonisotopic labeling methods with this probe should enable veterinary laboratories to efficiently perform large-scale herd screening for leptospirosis and thus offer livestock producers a tool for better herd health man-VOL. 26, 1988 on January 27, 2018 by guest http://jcm.asm.org/ Downloaded from 2500 ZUERNER AND BOLIN agement. Furthermore, the ability of this probe to quantitate the number of L. interrogans shed in urine should provide a useful research tool in understanding factors affecting transmission and pathogenesis of leptospirosis.
